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tancheru 502 324; and Z ~ e g ~ o n a l  Research Laboratory, Hyderabad 500 007, A.P., 
Ind~a. 
Solvent extracts of dlfferent parts of the neem tree (Azadlrachta lndica A. 3uss) 
were bioassayed for thelr antlfeedant properties agalnst flrst- and thlrd-instar 
larvae of Mythimna reparata. Fraction 'C', obtalned from an ethanollc extract of 
the shade-drled neem seeds (Hyderabad, Ind~a) was the most ef fect~ve phagode- 
terrent under glasshouse, laboratory and, to a 11mlted extent, fleld condlt~ons. 
Fractlon 'C' was further purlfled to fractlon 'M', whlch was subjected to column 
chromatography (s~l lca gel) result~ng In I G  fractions, AI- l  to AI-14. Fractions 
AI-9, AI-10 and AI-11 were found to be b~olog~cal ly  active, reduclng leaf feedlng 
and larval weight consrderably. None of the treated larvae whlch fed on leaf 
dlscs treated wlth the fractions and extracts 'C' and 'M' could pupate. The re- 
tentlon tlme of the malor component of AI-10 on a p BONDAPAK C 10 p, 3.9 
mm ID, 30 cm column (hlgh performance l lqu~d chromatography) &ys close to 
that of azadlrachtln. Spectral lnvestlgatlons revealed that this major component 
of A1 1s dlfferent from the antifeedants reported earher from A, indica and Me- 
l ia  azedarach. It has been des~gnated as vepaol (the Telugu name for neem IS ve- 
pa), and some aspects of 11s structure are discussed. Studles relatlng to the ef- 
fectiveness of fraction 'G' on the or~ental  armyworm, Mythrmna reparata, and 
other sorghum pests are presented. 
INTRODUCTION 
The neem tree (Azadirachta indica A. Juss), whlch grows In the semi-and reglons 
of the world, 1s an outstanding example of a specles whlch a not only an eff l- 
clent soil amellorant but also a source of several useful products,such as tlmber 
011, fer t~ l lzer ,  nltr l f lcatlon ~nh~b l to r ,  and pestictdes. The mlxlng of neem leaves 
w l th  stored gralns a an age-old practice In India. P ru th~  (1937) reported the first 
sc ient l f~c data on the repellent action of neem leaves against storage pests. The 
demonstration of the ant~feedant properties of the neem kernel agalnst the de- 
sert locust, Schirtocerca gregaria (Pradhan et al., 1962), generated tremendous 
Interest In the Insect controlling properties of r h ~ s  plant. 
The dlverse blolog~cal effects of the neem kernel extracts are phagodeterrent 
and repellence (Pradhan et dl., 1962; Josh1 h Ramaprasad, 197% Jacobson et a)., 
1978; Ladd et dl., 1978; Warthen e l  at., 1978a. b), growth lnhlblt~on and abnormal 
development (Leuschner, 1972; Meisner e l  a/., 1976, 1978; Redfern et dl., 1979; 
Schmutterer & Rembold, 1980, Sharma et dl., 1980; Ascher & Csell, 19811, and 
ovlposltlon suppression (Jacobson et al., 1978; 3osh1 & Sltaramaiah, 1979), whlch 
have been amply documented in the Proceedings of the First Neem Conference 
(Schmutterer e t  al., 1981). 
The biolog~cal ly actrve components In neem and the closely related chinaberry 
tree, Melia azedarach L., have been  denti if led as mel iantr~ol (Lavie et dl., 1967). 
azadlrachtln (Butterworth & Morgan, 1968; Nakanish~, 1975) and salannln 
(Warthen et a;., 1978b). 
Several biologically actlve constituents have slnce been isolated from different 
parts o f  the neem tree and the closely related chlnaberry tree, of which azadl- 
racht ln (Fig. 3) IS the most potent ant~feedant and growthregulator (Kraus et dl., 
1981; Morgan, 1981; Schmutterer, 1981). 
A program was lnltiated in March 1982 to explore the potential of developing 
concentrated neem extracts for pest control, using the polyphagous rice ear-cut- 
trng caterpillar, Mythimna separata, as a test Insect. The Insect had earlier been 
found to  respond to neem extracts (Sharma e t  a!., 1982). Thls paper reports 150- 
lat lon of a new t r~ terpeno~d,  vepaol - closely related t o  azadlrachtln - from the 
b~ological ly h~gh ly  active fractlon, and the activlty of the crude extracts and 
some fractions under both laboratory and held conditions. 
MATERIALS AND METHODS 
Extract ion and fractionation 
In separate experiments, neem seeds collected In July 1981 and kernels collected 
In June - July 1982 a t  Hyderabad, India, were crushed in hexane petroleum ether 
(bp 60 - 80 "C) wi th  a Sumeet domestic mlxer and the extracts were f~ l te red and 
concentrated In vacuum. S~mple solvent f rac t~on of the concentrate from the 
ethanollc extract yielded the crude biolog~cally h~ghly-active solid f rac t~on des~g- 
nated as 'G'. F r a c t ~ o n  'G' was further purified to fractlon 'M'. Frac t~on 'M' was 
subjected t o  column chromatography over s~lrca gel, resulrlng in 14 fract~ons de- 
signated as A l - l  t o  AI-14. F rac t~on  At-10 was purlfled by repetltlve column chro- 
matography (sllrca gel), and semi-preparattve (p Bondapak Cl8/Porasil 8. 37.35 p, 
2 mm ID x 61 cm) and analyttcal ( p  Bondapak CIS, 10 v, 3.9 mm ID x 30 cm) 
h ~ g h  performance lrquid chromatography (Detector, UV,  217 ,nm; eluent MeOH : 
H 0, 50 : 50). Extracts of unripe seeds and the flowers collected In April 1981 2 
a t  Hyderabad were prepared by refluxing thrice w ~ t h  95% ethanol, f~lterlng, and 
concentrating the combined extracts In vacuum. 
Plumbagin, a pure compound obtained from Plumbago zeylanica, was tested along 
wi th  the neem extracts. I n  another experiment (Table Ill), hexane and alcoholic 
extracts of leaves, acetone extract of unrlpe seeds, and fraction 'E '  obtained 
from the ethanolic extract o f  kernels and whole seeds were tested for t he~ r  bio- 
logical activity. 
An ethanolic extract of the neem kernel was also part i t~oned through metha- 
nol-water (9  : I )  and petroleum ether (bp 80 OC) t o  obtain biolog~cally enriched 
extracts. 
Bioassay techniques 
Var~ous extracts and fractions were bioassayed under laboratory and glasshouse 
conditions. F rac t~on  'C' was also tested under f ~ e l d  condltlons. The various tech- 
nlques adopted for b~oassay are descr~bed below: 
Bioassay on potted plants: Plants of pearl m ~ l l e t  hyb r~d  83-104 were grown in 
15-cm-diam p las t~c  pots In a mlxture of Alfisol and farmyard manure (1 : 1) In 
the glasshouse. The 10-day-old plants were thlnned to ten plants of uniform 
growth In each pot. A 10-ml solut~on of the extracts In the appropriate solvents 
[methanol : water (8 : 2), acetone or hexanel was sprayed w ~ t h  the help of a gra- 
duated hand atomizer onto f ive pots kept in a row. One hour after spraying, 
1st-~nstar or 3rd-lnstar larvae of M. separata were released Into each pot. The 
larvae were conflned to the treated pots w ~ t h  the help of a plast~c cage ( I 1  cm 
d~am, 25 cm long) havrng four wire mesh ventllatlon openings ( 5  cm diam) on the 
sides and one a t  the top. The larvae were removed from the treated pots after 3 
- 5 days, when the damage (leaf feeding) i n  the control pots exceeded 80%. The 
pots were rated vlsually for the extent of leaf feed~ng on a scale of I to  5 (1 = 
lo%, 2 = l l to 25%, 3 = 26 t o  UO%, 4 = 41 t o  60%, and 5 = > 60% leaf area con- 
sumed). The larvae were placed lndiv~dually In glass vials and we~ghed after 2 h. 
In some cases the larvae were reared on the~ r  natural food (pearl rn~ l le t  leaves) 
unt i l  pupat~on. Observat~ons were made of the durat~on of larval and pupal deve- 
lopment. The moths emerging from each treatment were put In a 30 x 30 x 30 
cm cage, and prov~ded w ~ t h  10% honey solut~on. Creaseproof paper sheets were 
put on the s~des of the cage for egg-laying; eggs laid were counted dally, and the 
number of larvae hatched were also counted. The unconsumed leaves from the 
treated and control pots were collected in polyethylene bags and thelr surface 
measured wrth a leaf area meter. The percentage leaf area consumed was calcu- 
lated in relation to the check pots w~thout  larvae. The leaves treated were then 
dried In an oven at 80 OC for ~5 days, after wh~ch the dry weight was recorded. 
Leaf dlsc assay: Two rlzes (13.82 and 5.85 cm2) of leaf discs of un~form diame- 
ter, cut out wlth the help o f  sharp rimmed Iron pipes from the same position on 
the sorghum or pearl mll let leaves, were used In these tests. Each leaf drsc was 
dipped (for 5 sec) In 2 ml of the respective extract solutions and allowed to dry 
on f i l ter  paper for 1 h. Af ter  dry~ng, the larger leaf discs were offered In 
9-cm-diam plastic petri dishes t o  two 3rd-instar M. separata larvaelleaf dlsc which 
had been starved for 2 h in plastic petri dishes. The leaf discs were kept on fi l- 
ter  paper mo~stened with water in petri dishes. 
The 3rd-lnstar larvae were confined to the leaf d~scs for 48 h, durlng which pe- 
riod the larvae consumed 80% of the leaf dlsc area in the untreated control. The 
smaller leaf dlscs were provlded t o  1st-instar larvae in plastlc containers. The 
larvae were removed after 3 days, when > 80% of the green matter In the cont- 
rol discs was scratched. The leaf discs were rated for the extent of feeding on 
scale of 1 t o  5. In some experiments the leaf discs were passed through the leaf 
area meter, and also d r ~ e d  in an oven at 80 O C  for 5 days to record the unconsu- 
med leaf area and the dry weight, respectively. The larvae were placed indlvi- 
dually m glass vials and weighed 2 h after starvation. After the exposure period, 
larvae from different treatments were reared on untreated food t o  record the 
developmental perlod, pupation, emergence and ovipositlon behav~or of the moths 
emerglng from the larvae that had fed on treated leaf d~scs. 
Field assay: Fractlon 'G' was tested agalnst the armyworm on pearl millet hyb- 
r id  83-104 in the held during the rainy season, In large unreplicated plots sepa- 
rated by guard rows. Fraction 'G' was formulated as a 20% stock solutlon in ace- 
tone containing 10% emulsifier (Teepol). The solut~on was mixed w ~ t h  water to 
give a flnal concentration of 0.1%, and appl~ed as a spray. Fenvalerate at 0.01% 
and malathion at 0.1% were also sprayed, for comparison. The sprays were app- 
l ied twice at 10-day Intervals in large plots (90 m2), us~ng a knapsack sprayer. 
Third-instar larvae of M. separdtd were released in each plot (750 larvaelplot) 
before the f l rs t  spray. The Incidence and extent of leaf damage were recorded 
25 days after the f irst spray, through stratifled (samples collected from I m row 
at regular intervals of 2 m) sampling. One hundred leaves from each plot were 
picked at random and evaluated for the Incidence and extent of leaf damage. 
The tota l  leaf damage was computed as a functlon of the ~nqidence and the da- 
mage ratlng (on a scale of 1 to 5) 1s presented graphically in Figure 12. <c9 . <L., f d 
-.-- 
During the rainy season, f rac t~on  'G' was sprayed at 0.1% concn on sorghum. ?I  
2 '. - Each neem-treated and control plot (324 m /plot each) was surrounded by a buf- 
fer zone of 4 m. Each plot was further divided into four sub-plots for observa- 
tions. The neem extract was applied at weekly intervals, from 20 days after 
emergence unt i l  physiological maturlty of the crop. The data on insect numbers 
and damage were recorded for shootfly (Atherigona soccataJ,corn planthopper (Pe- 
regrlnus maidis), maize aph~d (Rhopalosiphum maidis), armyworm (Mythimna sepa- 
rata), headbug (Calocoris angustatus), sorghum m~dge (Contarinla sorghicola), and 
the thrips (Thrlps sp.) a t  weekly intervals. The observations on each lnsect were 
confined t o  ~ t s  peak a c t ~ v i t y  per~od, and were recorded from the center of each 
plot of kei=n-plants selected a t  random. E~gh t  housand 3rd-lnstar larvae of M. se- 
parata were released m the treated and untreated plots on the 40-day-old crop 
before spraying. The larval a c t ~ v i t y  and damage were recorded unt i l  head emer- 
gence. 
The M. separata larvae were collected one week after thelr release In the fleld 
and reared under laboratory cond~tlons t o  obtaln data on pupatlon and adult 
emergence. Observations were also recorded on the parasltlratlon of the army- 
worm (from the fleld-collected larvae) and the sorghum midge. 
The data were analyzed statlstlcally using analys~s of varlance t o  determ~ne the 
s~gnlflcance of differences between treatments. 
RESULTS 
Constitution o f  vepaol 
F rac t~on  AI-10 contalned one major component, the retentlon t ime of wh~ch  1s 
close so that of azadlrachtln. R e p e t ~ t ~ v e  column chromatography and semlprepa- 
rat lve HPLC resulted In a substance designated as 'vepaol', wl th a retentlon tlme 
close to that of azadirachtln (Fig. I). However, ~t st111 contalned two mlnor com- 
ponents and further p u r l f ~ c a t ~ o n  1s in progress. Vepaol 1s optically actlve. I ts IR 
spectrum showed the presence o f  hydroxyl and carbonyl absorptions (CHCI3 3575 
cm-I,  3400 cm-', 1738 c m - I  and 1695 cm-I). I ts  mass spectrum showed the pre- 
sence of s lgni f~cant ions at m/e 659, 658, 559, 521, 83 and 55. I ts IH NMR spec- 
trum (Fig. 2) showed the presence of a t~g la te  ester morety, an acetoxyl, two 
carbomethoxyl and two quartenary methyl groups, as observed w ~ t h  azadrrachtin. 
A dlrect comparison o f  the 'H NMR spectrum of vepaol wlth that of azad~rach- 
t ln  (Flg. 3) (Nakanlshl, 1975) and revealed subtle differences between the two. A 
remarkable feature of the NMR spectrum of vepaol 1s the absence of the signals 
ass~gnable to the protons of the dthydrofuran rlng of azadlrichtln (22-H 5.05, d, 
J = 2.5 Hz; 23-H 6.42, d, 3 = 2.5 Hz) (Fig. 3) and the absence of slgnals a t  
3.43 ( 5 ,  3H) and 5.18. (m, IH) (Fig. 2). I ts  structure IS under lnvestlgatlon. 
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Fig. I. H ~ g h  performance i ~ q u ~ d  chromatograph of vepaol and azad~racht~n (Re- 
tention time In minutes.) 
Ftg. 2. NMR specrrum of vepaol (89.5 MHz) 
Ftg. 3. Azadtrachttn 
Biological act iv i ty of the crude extracts 
Effect on feeding: The results of d~f ferent  neern extracts on the 1st- and 
3rd-instar larvae of ~ i t h i r n n a  separata are gtven In Tables I and 11. Fraction 'G' 
was the most active phagodeterrent In the pot and the leaf d~sc asray agatnst 
1st- and 3rd-instar larvae. 


In another experiment (Table I l l )  the actlvity of f ~ v e  neem extracts was assessed 
using leaf disc assay and 1st-~nstar larvae. The acetone-soluble f rac t~on from the 
unripe frui ts was the most active, followed by fraction 'E' o f  the kernel and the 
TABLE Ill 
Ef fec t  OF f lve neem extracts (0.1% concentration) on 1st-instar larvae of My th~m 
na separata (Ten 1st-~nstar larvae were conf~ned with treated leaf discs for 72  h 
(f ive replicat~ons per treatment).) 
Treatment Damage Larval Larval 
ratlng* surv~val (%I  weight (mg) 
Hexane ext. of leaves 
Fraction 'E' of kernel 
Fract ion 'E' of  whole seed 
Acetone-soluble fraction of 
unripe seeds 
Alcoholic ext. of leaves 
Control, untreated 
Control, chloroform 
Control, acetone 
Control, methanol 
LSD a t  5% 
Grades of I = lo%, 2 = l l - 2 5 1 ,  3 = 26 - 40%, 4 = 4 1  - 60%, and 5 = > 60% 
leaf area consumed 
whole seed, and the alcohol~c extract of the leaves. Fract~on I, obtatned by par- 
t i t ioning the ethanolic extract of the fresh kernels, was the most active and the 
separated res~due insoluble In the solvents also showed phagodeterrent activity, 
equal t o  that of fractlon 2 (Table IV). However, these fract~ons were less active 
than the parent ethanol~c extract and f rac t~on 'G', both ln terms of leaf feedlng 
and o f  larval survival. 
Effect on development and survlval: Larval we~ght, recorded after feedlng on 
l h e  treated plants In pot assay experiments, was also slgnlf~cantly reduced as 
compared to  the larvae fed on untreated plants. A t  the end of the test, 3rd-~n- 
star larvae averaged only 36 mg In f rac t~on 'G', compared w ~ t h  87 mg In the 
control. The 1st-lnstar larvae had a mean welght of 0.9 rng when fed on leaf 
d~scs treated wlth fractlon 'G', and 6 mg In the control. The larval surv~val was 
.higher In the pot assay than In the leaf d~sc  assay, probably because of the 
greater leaf surface %?and the fresh leaf growth available for the movement 
and feedlng of the larvae In the pot assay (Table 11). Frac t~on 'C' had the maxi- 
mum effect on larval surv~val; only 48% of the larvae survlved on plants treated 
wlth fractlon 'G', as compared with 96% In the control (Table 11). In another ex- 
periment, the larval survrval was least on plants treated w ~ t h  f rac t~on 'E' of ker- 
nels (22%). followed by the acetone-soluble fractlon o f  the unrlpe frults (24%) 
(Table Ill). The larval welght was least among the larvae conflned t o  the alcoho- 
IIC extract of the leaves (3.6 mg), followed by f rac t~on 'E' of the kernel (3.9 mg) 
and the whole seed (4.2 mg). Only 3% of the larvae reared on the plants treated 
with f r ac t~on  'G' were able to pupate and no adults emerged from these pupae 
(Fig. 4) compared wlth 83% adult emergence In the control. The Insect took 42 
1. Flowers - (alcoholic e x t . )  
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1, , h a d a r ~ e c  smed (petrolemether e r t . )  
1, Shadtdr l rd  feed ( a l c ~ h o l l ~  ex t . )  
T S  Plmbagln 
' T$ ~nr!pcfrutts (alcoholis e x \ . )  
lrratmentl 
Fig. 4. Ef fec t  of flve d~f ferent  neem extracts and plumbagln on the pupatlon 
and adult emergence of th~rd-~nstar  larvae of Mythimna separata. 
iJays to complete ns  development when fed on the plants treated with the alco- 
h o l ~ ~  extracts of the unripe f ru~ts ,  as compared with 30 days in the control (Fig. 
5) .  
o t a l  developnental perlod TI Unrlpe f r u t t l  (alcoholic e r t . 1  
T1 Shadedrled feed (alcohollc r x t .  
1, Shidtdrled reed lpetrolrum c.k' 
T4 Plunbaqln 
T5 Flowers ( ~ l c o h o l i c  e x t . 1  
TI Control 
Fig. 5. Effect of  four d~f ferent  neem extracts and plumbag~n on the develop- 
ment of th~rd-~nstar  larvae of Mythimna separata. 
Effect on oviporition: Egg laylng was delayed in the moths emerg~ng from the 
treated plants. The delay was maximum w ~ t h  the alcoholic extracts of unripe 
neem f r u ~ t s  and shade-dried seeds, and considerable wlth plumbagln (Fig. 6) .  The 
total  number of eggs l a ~ d  by the adults from the same number of treated larvae 
was much lower with the alcoholic extracts of unripe f r u ~ t s  and w ~ t h  plumbagln 
(Fig. 7). The number of eggs l a ~ d  per female was the lowest In plumbag~n treat- 
ments. 
- Control 
----- Shadear l e d  seed loctrolemn-erh~r ert.) 
Unrloe f r u i t *  l a l c o h o l l c  e.t.1 
Shadedrled reed 1 1 I ~ o h o l I ~  r a t . )  
- 
- Flo*ers ( a lcoho l fd  e l l . ]  
g 2 0 0 -  -- Piunbagln 
r _ _ _ _ - - -  : 1 80- ,, -..*T 
u 
6 1 6 0 -  
.2 
Z 1 LO-  
O / "  ,/--------- 
- 2 0 -  
1 
l01V 
I , 
15.IV 20 . IV  25. I V 
Date o f  egg l a y ~ n g  119821 
Fig. 6. Number of eggs 1atd per female morh when thlrd-instar larvae had been 
exposed to  four d i f ferent  neem exrracts and plumbagin for 3 days. 
7 Control 
T2 Shadedrled seed la lcohol~c e r t  I 
T j  Shadedrled seed Ipet ro leum-ether  ext 
T L  Flowers (a l coho l~c  ext.1 
Tg Unrlpe f r u l t s  la lcohol~c ext i 
Total no61 eggs , Eggs laid/female % Eggs hatching 
I o ~ d l  hatched 
Fig. 7. Ov ipos i t~on  behavtor o f  moths when thlrd-insrar larvae had been exposed 
t o  f i ve  d i f ferent  neem extracts and plumbagln for  3 days. 
Effect of neem extract and its fraction (all at 0.05% concentration) on leaf feed- 
ing and survival of third-lnstdr larvae of Mythimna separata (Two th~rd-lnstar lar- 
vae were confined on treated leaf discs for ri8 h (ten replications per treatment).) 
Treatment Damage Larval 
rating* survival (%) 
Neem kernel, ethanol extract 
Methanol : water (9  : I )  
5 
6 
7 
Restdue of pa r t i t ~on  1 
Fractlon 'C' 
Control, acetone 
Control, methanol 
Control, untreated 
LSD a t  5% 
Grades o f  l = lo%, 2 r 11 - 25%, 3 = 26 - 40%. 4 = 41 - 60%, and 5 = > 60% 
leaf area consumed. 
transformation. 
Bioassay o f  fraction 'G': Havlng ldentifled 'G '  as the most acrtve fraction of 
the alcohol~c extract of the d r ~ e d  neem seeds, further stud~es were largely con- 
fined to  the ldent~f lcat lon of the actlve components In this extract. The brologl- 
cal properties of fractlon 'C' were bloassayed In a range o f  concentrations, from 
0.01 t o  0.25% (Table V) .  The damage ratlng and larval mortality of the 3rd-instar 
larvae were proportional t o  the concentrations. Leaf feedlng and larval weight 
were significantly reduced even at the lower concentrat~on tested (0.01%), and 
a l l  the larvae d ~ e d  at !he highest concentration (0.25%). In the case of 1st-instar 
larvae, al l  the larvae d ~ e d  in al l  the concentrat~ons In a 5-day exposure to the 
treated plants. The LCSO and LCq5 were found to be 0.023 and 0.14%, respecti- 
vely. 
TABLE V 
Ef fec t  o f  different concentrations or fraction 'G' on leaf feeding and mortality 
o f  f l rst-  and third-instar larvae of Myth~mna separata (pot assay). (Ten flrst: or 
third-~nstar larvae were confined with the treated plants for 5 days In each pot 
(three replications per treatment).) 
Concentration F~rst- lnstar larvae 
(%) Damage Morta- 
ratlng* I l ty  (%) 
0.0 1 I 100 
0.025 I 100 
0.05 I 100 
0. I 1 100 
0.25 I 100 
0 (control) 4 5 3 
LSD at 5% 0.9 25  
Th~rd-~nstar larvae 
Damage Unconsumed Mean larval Morta- 
rating* plant we~ght (mg) l l t y  (%) 
(dry wt., mg) 
2.8 4 8 22.1 40 
2.7 6 3 20.6 50 
2.3 6 1 25.4 7 0 
1.2 69 16.6 80 
1 .o 5 2 100 
5.0 2 5 65.0 0 
0.42 14.3 13.5 29 
Grades of I = lo%, 2 = 1 l - 2 5 % ,  3 = 26 - 40%, 4 = 41 - 60%, and 5 = > 60% 
leaf area consumed. 
Biological act iv i ty of the chromatographic fractions 
Ef fec t  of feeding: Fractions A I - l  to AI-14 and extracts 'C' and 'M' were bloas- 
sayed for t h e ~ r  b~o log~ca l  ctlvlty a t  0.05% concentration, uslng the leaf disc as- 
say w ~ t h  1st-lnstar larvae (Table Vl). The larvae were conf~ned to  the treated 
leaf discs for 72  h. Of the varlous fract~ons obta~ned, AI-9, AI-10, and A l - l  l ex- 
h l b~ ted  a phagodeterrent effect. Fractions AI-I0 and A I - l l  were each as actlve 
as fract ion 'C'. The b~o log~ca l  ct lv l ty of the active fractions At-9, AI-10 and 
AI-11, along w ~ t h  the parent fractions 'G' and 'M', were further tested at 0.01 
and 0.05% concentratlons, uslng 1st- and 3rd-lnstar larvae. The extent of leaf da- 
mage was least In fract~ons AI-I0 and 'C' (Tables VII, VIII). 
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Ef lec t  of f lve neem fractions (all at  0.01% concentration) on the lea l  leeding 
and survival of  first-instar larvae o f  Myth~rnna separata. (Ten first-instar larvae 
were confined on treated leaf d~scs for 72 h (five replications per treatment).) 
Fraction Damage 
ra t~ng*  
Larval 
weight 
(mg) 
Larval 
survival 
(%) 
'C' 1.9 (1.3)" 0.43 (0.7) 0 
'M' 2.9 (1.7) 0.44 (0.7) 6 
AI-9 3.1 (1.7) 0.39 (0.5) 0 
AI-10 2.6 (1.8) ' 0.40 (0.7) 0 
AI-11 3.5 (1.9) 0.34 (0.5) 0 
Control, 
acetone 5.0 (2.2) 0.70 (0.8) 66 
Control, 
untreated 3.9 (2.0) 1.30 (1.1) 64 
Grades of 1 = lo%, 2 =  11 -25%, 3 = 2 6 - 4 0 % , 4 = 4 1  - 6 O % , a n d 5 = > 6 0 %  
leaf are consumed. 
** transformat~on. 
3 3 3 0 3  
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Effect on development and survival: None of the larvae was able t o  pupate 
when fed on leaf dlscs treated w ~ t h  f rac t~on 'G', 'M', AI-9, AI-I0 or AI-11 (Table 
VI). Although fractrons AI-8 and AI-12 drd not show any phagodeterrency or redu- 
ce larval welght, they did reduce the percent pupation and adult emergence s~g-  
nlflcantly. Larval mortality occurred earller w ~ t h  fractlons AI-10 and AI-11, and 
al l  the larvae dled by the 5th day (Fig. 8). This was followed by fractions AI-9, 
'M' and 'C', m which mor ta l~ t y  reached 100% In 15 days. The ac t~v l t y  of frac- 
tlons AI-9, AI-10 and A I - l l  was hlgher than the parent extracts 'C' and 'M', in 
terms of larval rnortallty. 
Fraction 
- -.- A 1  - 9 --- Control. acetone 
a - 'M' -...- Control. untreated 
.E 32, --'G' 
- 
on the 
Effect on ovlposltion: The number of eggs laid per female was substantially lo- 
wer (< 200) i n  females emerging from the larvae fed on leaf dlscs treated with 
fractions AI-3, AI-4, AI-8 and AI-12, as compared to  646 eggs recorded In the 
untreated control. The reasons for reduced egg laying are not clear. Egg hatch 
varied from 62 to  851, and the biological significance of this needs t o  be studled 
further (Table VI). 
Larval weight was signrficantly reduced in fract~ons 'C', 'M', A1-9 and AI-11 
(Tables VI, VII, VIII). None of the f l rst  instar larvae was able t o  pupate when fed 
on leaf discs treated with a 0.01% concentration of different neem fract~ons 
(Table VII). No adults emerged In the 0.05% treatments with fractions AI-9 and 
AI-10, compared with 56% emergence in the untreated control (Table VIII). 
Mortality of the 1st- and 3rd-instar larvae occurred earllest following wlth frac- 
t ion AI - I0  (Fig. 9). By the 8th day after confinement, the larval mortalrty In 
fract~ons AI-9, AI - I0  and Al-11 was higher than tn the parent extracts 'G' and 
'MU. 
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Frg. 9, E f fec t  of two*  extracts, and three d~f ferent  active neem fract~ons on the 
mor ta l~ t y  of fbrst- and third-~nstar larvae of Mythimna reparata. 
Ettect on molting: At  the end of 72 h of feeding on leaf discs treated with dif- 
ferent extracts, the larvae were observed under a microscope as to the effects 
on the molting process. The observations recorded are described-below: 
In extract 'C' treatments the larvae were unable to shed the old head capsule 
during the molting process. Larvae were small in size and black fluid had accu- 
mulated in the thorax. Most of the larvae were in the molting process in fraction 
'M' treatments and they seemed to be unable to emerge from the old integu- 
nient. The larvae were light gray in color instead of the normal green yellow. 
Some larvae had red colored bands in the pleural region. 
I 
In fraction AI-9 treatments most of the larvae were in the molting process. One 
larva died because of difficulty in moltlng and its integument had become pink in 
color. Some larvae died in the fraction AI-10 treatments and others were unable 
to molt. Most of the dead or dylng larvae were reddish gray in color. In fraction 
Al-11 treatments most of the dy~ng larvae were light red in color. 
Larvae were in the molting process in the acetone-treated and untreated cont- 
rols. The molting larvae had a distinct suture in the old integument at the thora- 
cic region. The larvae were light green in color. 
Biological actlvlty of fraction 'G' under fjeld conditions 
Field rests of fraction 'G' from kernels against M. separata showed that the ex- 
tent of leaf damage in the neem-treated plot of pearl mlllet hybrld BJ-104 was 
substantially less than In the control or the malathion-treated plots, and greater 
than in the fenvalerate-treated plot (Fig. 10). The extent of damage in the buf- 
fer plots around the neem-trated plot was greater than In the buffer plots around 
the control plot, lndicatlng some movement of larvae out of the neern-treated 
plot. 
0 - Buffer pior 
C B  - Buffer for control p l o t  
NB - B u f f e r  (o r  nrem-treated p l o t  
FB - B u f f e r  f o r  leovnlerate-treated p l a t  
MB - B u f f e r  f o r  ~ n a l a c h l o n - t r e a t e d  p l o t  
= ~ g .  10. Schematrc drawlng of the lncldence and extent of leaf damage to  pearl 
millet plants by larvae of Mythimna separata. 
Fraction 'GI drd not af fect ov1posLtlon or dead heart formation due to the sor- 
ghum shootfly (Table IX). The extent and lnc~dence of armyworm damage due to  
the inoculated larvae were much lower In the neem-sprayed plot (damage ratlng 
= I, rncrdence 5 50.5%) as compared w ~ t h  the control plots (damage ratlng = 3, 
lncldence = 79.9%). The numbers of maize aph~ds, Rhopalosiphum maidis, In the 
neem-sprayed plot was generally higher than i n  the control plot, whlle the number 
of shootbugs, Peregrinus maidis, tended to be lower In the neem-treated plot. 
The populatron of headbugs, Calocoris angustatus, was lower In the neem-treated 
plots, and there was a sl~ght reduction In the numbers of m~dges, Contarinla sor- 
ghlcola, and thrlps, Thrips sp. The midge damage In the peak actlvlty per~od was 
not Influenced by neem sprays, whrle the 1000-gra~n weight (~nfluenced by head- . 
bug feedlng) rose by nearly 2/1000 grains. Of the 100 larvae of Mythimna reparata 

collected from the neem-treated and control plots (Table X), only three adults 
emerged from the neem-treated plot, as agalnst 62  from the control. The sprays 
resulted in a 25% Increase in head weight and a 30% increase In gram y~e ld  over 
the control (Table XI). 
TABLE X 
Effect of one neem spray (extract 'G', 0.1%) on pupatlon and adult emergence o f  
Mythimna separata larvae released i n  a sorghum field. (Larvae collected one week 
after spraying.) 
Observation Neem spray Control 
Number of larvae collected 100 100 
Number of larvae pupated 21 83 
Number of moths emerged 3 62  
TABLE X I  
Ef fec t  o f  seven weekly sprays of neem extract 'G' (0.1%) on head weight and 
grain yield of sorghum 
% 
Weight (kg) per 51 m2 plot lncrease of treat- 
Neem Control ment over control 
- 
Head we~ght  X 13.8 11.0 2 5 
(11.0 - 17.0) (10.0 - 13.0) 
- 
G r a ~ n  yield X 10.4 8.0 30 
(8.5 - 13.0) 7.0 - 9.0 
- 
X E Mean of four subsamples and range (In parantheses). 
Observations on the effect of the neem extract on natural enemies showed that 
the larval parasltization (mostly by Apanteles ruficrus) o f  M. separata was redu- 
ced, while the midge parasltization by Tetrastichus sp. was sl~ght ly h~gher m the 
neern-treated plot than in the control of (Table XI!).  her; did not appear to be 
much ef fec t  on the act iv i ty of the midge predator, Orius sp. 
Effect of neem spray (extract 'G', 0.1%) on parasites and predators of Mythimna 
separata and Contar ln~a sorghicola 
Insect Parasite or Sample size Neern Control 
predator 
M. separata Apanteles % Parasitization on 
ruficrus 100 larvae 6 13 
C. sorghicola Orius sp. No. of predators 
per 10 heads 
on 4. Ill. 98 117 
14. 111. 93 92 
Tetrastichus sp. % Parasit~zation on 
400 f lorets 
Top-anthesis 
Post-anthesis 
DISCUSSION 
The results of the phagodeterrency assays uslng pot and leaf disc techniques with 
1st- or 3rd-lnstar larvae of Mythimna separata, were s ~ m ~ l a r .  The leaf disc assay 
technique used IS qulte easy, efficient and rap~d, and allows for the handling of a 
large number of f ract~ons a t  the same time. Among the different neem extracts, 
the solid fraction 'G' obta~ned from the ethanol~c extract of shade-dr~ed seeds 
was the most e f f ec t~ve  agalnst the 1st- and 3rd-lnstar larvae of M ,  separata. The 
potentla1 act lv i ty of fraction 'C' can be seen from i ts effects on larval werght, 
pupatlon and adult emergence. No adults emerged from the larvae whlch fed on 
I2 plants treated w ~ t h  0.1% fractlon 'G'. The alcoholic extract of the unrlpe 
frui ts also showed high biological activity, as measured by ~ t s  adverse effects on 
larval we~ght, pupatlon and adult emergence, and the prolonged developmental 
pe r~od  of the exposed larvae. The potentla1 act iv l ty of the unripe frults was also 
evident from the act lv l ty o f  the acetone-soluble components. Extracts o f  the 
seed or the seed kernel are known to  be the most active (Goyal et al., 1971. How- 
ever, the alcohol~c extract of the leaves also showed an rdverse effect on the 
larval we~ght. T h ~ s  could probably be due to  its growth-d~srupt~ng effects 
(Leuschner, 1972). , 
Fraction 'C' showed phagodeterrent and toxic effects even a t  the low concentra- 
t ion of 0.01%, against larvae of M. separata; 11s LC50 against the 3rd-~nrtar lu- 
vae was 0.023%, which is qurte similar to that of some currently used insectici- 
des. There is more than one chemically actlve compound in neem kernels, as evi- 
denced by column chromatography and partltroning of the crude extracts. The 
three active fractions (AI-9, AT-10, AI-11) obtalned from fraction 'M' were each 
as phagodeterrent as was the parent extract. However, larval mortality in treat- 
ments with these fractions occurred much earlier than in the parent fractions 'C' 
and 'M'. Fractlon AI-10 was the most active. Although, fractions AI-8 and Al-12 
resulted in larval mortality and reduced egg laying, they did not show any anti- 
feedant activity. A simllar actlon of some fractrons was reported by Schmutterer 
& Rembold (1980). The phagodeterrentlrepellent properties of neem extracts 
have been confirmed by various workers with insects belonging to such d~verse 
orders as Orthoptera, Hemiptera, Coleoptera, Diptera and Lepidoptera (Schmut- 
terer, 1981). The results of experiments with pure azadlrachtin are known to be 
on a par with the crude extracts (Scmutterer,  1981). The present investrgations 
have also shown that the different column chromatographlc fractions are as acti- 
ve or more so than the parent fraction 'G'. 
The growth-disrupting effects of the crude extracts as well as the pure fractions 
add to  the usefulness of neem in practical pest control. The inability of the ar- 
myworm larvae to emerge from its old integument, accumulation of black fluld 
i n  the thoracic reglon, and the development of a reddish gray color in the larvae 
suggest some interaction between the neem components and the molting proces- 
ses of the larvae. Neem components have been reported t o  inhlbrt and disrupt 
the development o f  a number of insect species (McMillan et dl. ,  1969; Leuschner, 
1972; Ruscoe, 1972; Meisner et dl. ,  1976, 1978; Redfern et dl. ,  1979; Sharma et 
al. ,  1980; Rembold et dl. ,  1980; Schmutterer & Rembold, 1980; Schmutterer, 
1981; Ascher h Gsell, 1981; Lange & Schmutterer, 1982; Steffens & Schmutterer, 
1982). 
Another important ef fect of the kernel extracts was the delayed egg laying i n  
the adults from larvae fed on plants treated with alcoholic extracts of unripe 
frul ts and shade-dried seeds. There were slight differences i n  the number of eggs 
laid per female and In larval hatching. Detailed studres are in progress t o  deter- 
mine the biological significance of the observed differences. Reduced fecundity 
and egg hatching have been reported in a number of insects, (Steets & Schrnutte- 
rer, 1975; Jacobson et dl . ,  1978; Rembold & Sieber, 1981; Schulz, 1981). 
The effectiveness of fraction 'C' against the 3rd-instar larvae of M. r e p a r a t s  was 
also confirmed under field conditions, wrrh sorghum and pearl millet. Neem 
sprays reduced the insect population and damage caused by shootbugs, headbugs 
and, to some extent, thrrps. However, there was no apparent ef fect on shootfly, 
aphids and midges. This was probably because of differences in the feeding beha- 
vior o f  these insects. The shootfly maggot feeds on the growing point inside the 
stem, while the aphid and the rnidge maggot suck the sap from leaf tissues and 
ovary, respectively. The midge larva also remains protected ~nside the glumes. 
The reduced parasitism by Apanteles ruflcrus of the M. separata larvae in the 
f ie ld was probably a result of  the premature larval mortality, or perhaps the 
neem extracts are repellent t o  the parasites. Similar reduced parasitism of lar- 
vae as a result o f  neem application has been reported i n  the r ice leaf folder (Sa- 
xena et dl., 1981). There was no affect o f  neem sprayson the midge parasite (Tet- 
rastlchus sp.) or on the rnidge predator (Orius sp.). 
ACKNOWLEDGMENTS 
This constitutes conference paper No. 149, from the International Crops Re- 
search l ns t~ tu te  for the Semi-Arid Tropics (ICRISAT), Patancheru, 502 324, A.P., 
India. 
The authors are grateful t o  Mr. V. Venkateswara Rao for his help in the bioassay 
experiments; Dr. K. Kannan and Mr. R.E.C. Johnson (Centre for Cellulare and 
Molecular Biology, Hyderabad) for their help i n  the high performance llquid chro- 
matographic studies; Mr. N. Sivasankara Reddy (Bharat Heavy Electricals Limi- 
ted, Research and Development, R & D. Hyderabad) for the 'H NMR specirum 
of vepaol; Prof. T.R. Govindacharl (22 Crescent Street, T. Nagar, Madras) and 
Dr. J.D. Warthen, Jr. (Agricultural Environmental Quality Institute, Beltsville; 
MD, U.5.A) for the samples o f  atadirachtin; and Dr. C. Thyagarajan, Dr. P.B. 
Sattur (Regional Research Laboratory, Hyderabad), Dr. L.R. House and Dr. J.S. 
Kanwar (ICRISAT, Hyderabad) for t h e ~ r  encouragement and keen interest in these 
investigations. 
REFERENCES 
ASCHER, K.R.S. & GSELL, R. (1981). The effect of neem seed kernel extracr 
on Epllachna varlvestls Muls. larvae. 3. PI. Dis. Prot. 88 : 764 - 767. 
BUTTERWORTH, J.H. & MORGAN, E.D. (1968). isolation of a substance that 
suppresses feeding In locusts. Chem. Comm. 23 - 24. 
COYAL, R.S., CULATI, K.C., SARUP, P., K13WA1, M.A. h SINCH, D.S. (1971). 
Biological act iv i ty of  various alcoholic extractives and lsolates of neem ( A m -  
dirachta indlca) seed cake against Rhopalosiphum nymphaeae (Linn.) and Schl- 
stocerca gregarla Forsk. lndlan 3. Ent. 33 : 67 - 71. 
JACOBSON, M., REED, D.K., CRYSTAL, M.M., MORENO, D.S. & SODER- 
STROM, E.L.C. (1978). Chemistry and biological act lv l ty of lnsect feeding de- 
terrents from certaln weed and crop plants. Entomoiogia exp. appl. 24 : 248 - 
257. 
JOSHI, B.C. & RAMAPRASAD, C. (1979). Neem kernel as an antifeedant against 
the tobacco caterptllar (Spodoptera litura F.). Phytoparasitica 3 : 59 - 61. 
- & SITARAMAIAH, S. (1979). Neem kernel as an ovlposlt~onal repellent for 
Spodoptera l i tura F. moths. Phytoparasitica 7 : 199 - 202. 
KRAUS, W., CRAMER, R., BOKEL, M. & SAWITZKI, G. (1981). New lnsect antl- 
feedants from Azadirachta indlca and Meiia azedarach. Proc. 1st ht. Neem 
Conf. (Rottach-Egern, 1980), pp. 53 - 62. 
LADD, T.L. Jr., JACOBSON, M. & BURIFF, C.R. (1978). Japanese beetles: Ex- 
tracts from neem tree seeds as feedlng deterrents. 3. econ. Ent. 71 : 810 - 
813. 
LANCE, W. & SCHMUTTERER, H. (1982). Experlmints w ~ t h  synergists to Impro- 
ve the effect o f  growth disrupting properties of a methanolic extract of seeds 
of the neem tree (Azadirachta indica). 3. PI. Dis. Prot. 89 : 258 - 265. 
LAVIE, D., JAIN, M.K. & SHPAN-GABRIELITH, S.R. (1967). A locust phagore- 
pellent f rom two Meiia species. Chem. Comm. 910 - 911. 
LEUSCHNER, K. (1972). Effect of an unknown plant substance on a shield bug. 
Naturwissenschaften 59 : 217 - 218. 
McMILLAN, W.W., BOWMAN, M.C., BURTON, R.L., STARKS, K.J. h WISEMAN, 
B.R. (1969). Extract of chinaberry leaf as a feedrng deterrent and growth re- 
tardant for the larvae of the corn-earworm and fa l l  armyworm. 3. econ. Ent. 
62 : 798 - 710. 
MEISNER, J., KEHAT, M., ZUR, M.A. & EIZICK, C. (1978). Response of Earias 
insuiana Boisd. larvae t o  neem (Azadirachta indica A. Juss) kernel extract. 
Phytoparasitica 6 : 85 - 88. 
- , WYSOKI, M. & ASCHER, K.R.S. (1976). The res~dual e f fec t  of some pro- 
ducts from neem (Azadirachta indica A. Juss) seeds upon larvae of Boarmia 
Ascotis) seienaria Schlff. In laboratory trials. Phytoparasitica 4 : 185 - 192. 
MORGAN, E.D. (1981). Strategy In the isolation of insect control substances 
from plants. Proc. 1st int. Neem Cont. (Rottach-Egern, 1980), pp. 43 - 52. 
NAKANISHI, K. (1975). Structure o f  the insect ant~feedant,azadlrachtln. In: RU- 
NECKLES, V.C. IEd.1 Recent Advances in Phytochemistry. Plenum, New York, 
NY, Vol. 5, pp. 283 - 298. 
PRADHAN, S., JOTWANI, M.G. & RAI, B.K. (1962). The neern seed deterrent lo 
locust. Indian Fmg 12 : 7 - I I. 
PRUTHI, H.S. (1937). Report of the Irnperlal Entornologlst. Sci. Re. A ~ ~ ; ~ .  R ~ ~ .  
Inst., New Delhi, 1935 - 36. 
REDFERN, R.E., WARTHEN, J.D. Jr., MILLS, G.D Jr. & UEBEL, E.C. (1979). 
Molttng lnh lb~tory  effects of azadtrachtln on large milk weed bug. Dep. Agrir., 
Agric. Res. Results, ARR-NE-5. 
REMBoLD, H., SHARMA, G.K., CZOPPELT, Ch. & SCHMUTTERER, H. (1980). 
Ev~dence o f  growth dlsrupt~on In Insects wtthout feedtng lnh~bit lon by neem 
seed fracttons. Z. PfiKrankh. PfISchutz 87 : 291 - 297. 
- & SIEBER, K.-P. (1981). Effect o f  azadlrachtln on oocyte development ~n 
Locurta migratoria migratorioides. Proc. 1st int. Neem Conf. (Rottach-Egern, 
1980), p p  75 - 80. 
RUSCOE, C.N.E. (1972). Growth dlsrupt~on effects of an lnsecr ant~feedant. Na- 
ture, New Biol. 236 : 159 - 160. 
SAXENA, R.C., WALDBAUER, G.P., LIQUIDO, N.J. & PUMA, B.C. (1981). Ef-  
fecrs of neem seed 011 on the r ice  leaf folder, Cnaphalocrocis medinalis. Proc. 
1st int. Neem Conf. (Rottach-Egern, 1980), pp. 189 - 204. 
SCHMUTTERER, H. (1981). Some properties of components of the neem tree 
(Azadirachta Indlca) and their use In pest control i n  develop~ng counfrtes. 
Meded. Fac. Landbouww. Rijksuniv. Gent 46 : 39 - 47. 
- , ASCHER, K.R.S. & REMBOLD, H. IEdsI (1981). Natural pesticides from the  
neem tree (Azadirachta indica A. Juss). Proc. 1st Int. Neem Conf. (Rot- 
tach-Egern, 1980), 297 pp. 
- & REMBOLD, H. (1980). Performance of some poor fract~ons extracted 
from the seeds of Azadirachta Indlca on feedlng act iv l ty and rnetamorphows 
o f  Epilachna varivestis (Col., Cocclnell~dae). 2. angew. Ent. 89 : 179 - 188. 
SCHULZ, W.-D. (1981). Pathological alterations In the ovarles of Epilachna varl- 
vestis lnduced by an extract f rom neem kernels. Proc. 1st Int. Neem Conf. 
(Rottach-Egern, 19801, pp. 81 - 96. 
SHARMA, G.K., CZOPPELT, Ch. & REMBOLD, H. (1980). Further evldence o f  
growth dtsrupt~on by neem seed fracrlons. 2. angew. Ent. 90 : 439 - 444. 
SHARMA, H.C., BHATNAGAR, V.S. & DAVIES, 3.C. (1982). Studles on Mythim- 
na separata a t  ICRISAT. Sorghum Entomology Progress Report - 6. Internatio- 
national Crops Research Inst i tute for the Semi-Arid Tropics, Patancheru, I nd~a  
STEETS, R. & SCHMUTTERER, H. (197% Elnflui3 von Azadtracht~n auf d ~ e  
Lebensdauer und das Reproduktlonsvermogen von Epllachna varivestls Muls. (Co- 
Ieoptera, Cocc~nel l~dae).  2 Pfll<rankh. PfiSchutz 82 : 176 - 179. 
STEFFENS, R.J. & SCHM~TTERER,  H. (1982). The effect of a crude methanolrc 
neem (Azadirachta lndlca) seed kernel extract on rnetamorphos~s and quality 01 
adults of the Med~terranean f ru l t  f ly, Ceratitis capitata W~ed. (D l~ tera ,  Taph- 
rrt~dae). 2. angew. Ent. 94 : 98 - 103. 
STEFFENS, R.J. & SCHMUTTERER, H. (1982). The e f fec t  of a crude rnethanolic 
neem (Azadlrachta indica) seed kernel extract  on metamorphosis and qua l~ ty  
of adults of the Mediterranean fruit fly, Ceratitls capitata, Wied. (Diptera, 
Tephritidae). 2. angew. Ent. 94 : 98 - 103. 
WARTHEN, J.D. Jr., REDFERN, R.E., UEBEL, E.C. & MILLS, G.D. Jr. (1978a). 
An antifeedant for all armyworm larvae from neern seeds. U.S. Dep. Agric. 
Agric. Res. Results, ARR-NE-I. 
- , UEBEL, E.C., DUTKY, S.R., LUSBY, W.R. & FINECOLD, H. (1978b). 
Adult housefly feeding deterrent  from neern seeds. U.S. Dep. Agric., Agrlc. 
Res. Results, ARR-NE-2. 
